Abstract. The analysis of mechanical structures using Finite Element Method in the framework of large elastoplastic strain needs frequently the remeshing of the deformed domain during the computation. The remeshing is due to the large geometrical distortion of finite elements or to the adaptation to the physical behavior of the solution. The remeshing criteria are, generally, based on some appropriate error estimates. After the remeshing of the computational domain, the mechanical fields associated with the new mesh of the domain must be interpolated from those associated with the old mesh of the domain which allows us to rerun the computation starting from the new mesh.
INTRODUCTION
The analysis of mechanical structures using Finite Element Method in the framework of large elastoplastic strain needs frequently the remeshing of the deformed domain during the computation which is due to the large geometrical distortion of mesh elements. After the remeshing of the computational domain, the state variable fields related to the new mesh of the domain must be interpolated from those related to the old mesh of the domain. This field interpolation allows us to rerun the computation starting from the new mesh. In addition, the new interpolated fields must satisfy the mechanical equations (consistency of constitutive equations,equilibrium equation, compatibility,. . . ) verified by the old mesh. The straitforward linear interpolation does not in general ensure these conditions in particular for problems with high material or geometrical non linearity.
The various existant field interpolation techniques can be classified into two categories. The first class is used with the Arbitrary Lagrangian Eulerian formulations. The field interpolation is based essentially on a material flow computation through the element of the mesh [1] . it seems to be difficult to apply this interpolation approach in metal forming processes because of their dependency on the geometrical and material parameter values and the contact conditions.
The second class concerns field interpolation methods applied with Lagrangian formulation using adaptive remeshing strategies. There are essentially three approaches regarding this class:
• Direct field interpolation methods, • Methods based on the Inverse Isoparametric Mapping technique, • Optimisation methods.
Among the direct field interpolation methods, we can cite those using the diffuse approximation technique developed essentially in the framework of meshless computation. The major inconvenient of these methods is their dependency on the local window which determines the nodes or the integration points being considered on the field interpolation. Nevertheless, because of its acceptable accuracy, it was adopted by a lot of researchers such as Habraken et al. [2] or Hamel et al. [3] . We can also cite the Super-convergent Patch Recovery technique introduced essentially by Zhu [4] . Combined with a Least square technique, this method provides accurate results but it has the inconvenient of being computationally very expensive.
Methods based on the Inverse Isoparametric mapping technique (see [5] and [6] ) are constituted by three steps:
1. Identification of the element K of the old mesh that contains node P of the new mesh on which the mechanical field must be interpolated, 2. Determination of the isoparametric coordinates (r, s)of node P in element K, 3. Field interpolation at the (r, s) location in element K for node P.
Isoparametric coordinates r and s are computed by solving a nonlinear algebraic system of equations using the Newton-Raphson iteration scheme. This operation is computationally time consuming. Nevertheless the method seems to be accurate. The third kind of methods concerns optimisation based approaches. These methods aim to minimize the gap between the mechanical field associated with the new mesh and that associated with the old one. To enforce the preservation of mechanical properties of the interpolated fields such as consistency of constitutive equations, equilibrium equation, etc., constraints are added to the optimization problem. In [7] and [8] , a constrained optimisation based methods are proposed to preserve conservation property, the equilibrium equations and the plasticity criterion. These methods are of great interest in the analysis of mechanical structures using Finite Element Method with remeshing because of their capability to generate a more accurate new field associated with a new mesh and so permitting to rerun the computation with minimum errors.
In this paper, we propose an optimisation based algorithm to minimize the norm of the finite element error between the mechanical field associated with a mesh of computation domain and the searched field associated with a new mesh of the domain. The L 2 and/or H 1 norms are used to quantify this error. The next section describes theoretical aspect of our methodology. We show that the searched field is the solution of a linear system which represents the optimality of the optimization problem. A numerical example is given to show the pertinence of our approach.
THEORETICAL ASPECTS
Let U Old be the mechanical field associated with a mesh τ Old of the computational domain Ω. Consider then a new mesh τ New of the domain. The problem is to determine the mechanical field U New associated with this new mesh such that the finite element field (τ Old ,U Old ) is similar to the finite element field (τ New ,U New ). The similarity can be quantified by the finite element error between these two fields. In fact, by minimizing the (L 2 and/or H 1 ) norm of this error, the field U New is uniquely determined. Let now (P Old i ), i = 1, .., n Old (resp. (P New i ), i = 1, .., n New the nodes of the mesh τ Old (resp.τ New ) where n Old (resp. n New ) is the total number of nodes of τ Old (resp.τ New )) be the node set of τ Old (resp.τ New ). Field U Old (resp. U New ) defined on mesh τ Old (resp.τ New ) can be written as: 
To be similar to the finite element fields (τ Old ,U Old ), the FE fields (τ New ,U New ) are determined through the minimization of
The above error can be expressed as:
To evaluate the integral over element e, we have to determine the intersection of the two meshes τ Old and τ New . To avoid this expensive calculation, we consider an approximative computation of this integral which consist in partitioning element e on several sub-elements for which the integral is computed using their Gauss points (the function U New (X ) − U Old (X ) is assumed to be constant on these sub-elements). We obtain thus:
where X g is the Gauss point associated with each subelement of the partition of e and ω g is the corresponding weight (i.e. volume of the sub-element).
Substituting (2) and (5) in (4) yields to: 
The minimization of ε(U New )
yields to the optimality system:
where:
and
Note that each component of vector U Old g is obtained by a linear interpolation over the old mesh τ Old .
In the above minimization problem, the field at the boundary Γ of Ω is obtained by considering the error over the domain. To more accurately determining the field at the boundary Γ, we can consider the new L 2 -norm of the error which takes into account separately the field at the boundary Γ:
with:
mes(Ω) and mes(Γ) represent here respectively the measure of Ω and Γ and "tr" is the trace operator referring to Γ and which consists on considering the field only at the boundary. In this last case, the optimality system is given by:
The index B of items refers to the considerations of items at the boundary and matrix [B] is such that
The proposed norm of FE error guarantees the similarity between the old and new field. In order to obtain the similarity also for the derivatives of the fields, we can consider the H 1 -norm of the FE error defined by:
where U New
are respectively the derivatives of the fields U New and U Old with respect to coordinate x i , i = 1, ..,Dim being the dimension of the considered domain. As discussed for the preceding norms, equation (16) can be calculated as following:
where "h", the surface of element e, is considered in order to homogenize (16).
The finite element approximation of partial derivatives of U New , defined similarly to that of U New , is given by:
Thus, equation (17) can be written using matrix notations as follow:
where "H" is the vector having all the "h" as components.
In this case, the vector U New that minimize ε(U New )
is the solution of the following linear system of equation:
We can combine also the H 1 Ω -norm (Eq. (16)) with the L 2 Γ -norm (Eq. (12)) to obtain as an expression of the norm of FE error to minimize the expression below :
Following a similar calculation, the minimization of this combined norm yields to a new linear system of equations:
and 
NUMERICAL EXAMPLE
we consider a two dimensional domain representing a circle with a radius r = 3 and centered at the origin. Two meshes of this domain are generated using The BL2d-V2 mesher [9] . The first mesh (Old) is composed of 146 nodes and 252 triangular elements and the second one (New) is constituted by 2248 nodes and 4343 triangular elements (see fig.1 and 2). The nodal values of the field associated with the old mesh is obtained using an analytical function: U Old (x, y) = x 2 + y 2 , where x and y are the spacial coordinates of the old-mesh nodes (see fig.3 ). Figure (4) shows the conventional linear interpolation. Figures (5-8) show the different proposed field interpolation. 
CONCLUSIONS
A new method to interpolate mechanical field is introduced. The method is based on the minimization of finite element error between the initial mechanical field and the interpolated field. Its implementation is remarkably simple. Numerical exemple is given to show its efficiency. The integration of the proposed approach in an adaptive mechanical computation scheme is under development.
